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(57) Abstract: 



PURPOSE: To improve output and response speed and 
obtain a device suitable to a light source for optical 
communication, by decreasing the density of a current 
injected in a light emitting region, improving the 
linearity of current- optical output characteristics up 
to a high output region, increasing the maximum value of 
available luminous intensity, and improving the upper 
limit of signal transmission speed. 

CONSTITUTION: An LED 100 has the structure wherein 
the central part of the main surface of a semiconductor 
substrate 10 is uneven, a semiconductor muttilayered 
film 20 containing a light emitting layer 22 and an 
insulating film 30 are laminated in order along the 
uneven form, and an ohmic electrode 40 is formed in an 
aperture 30a of the insulating film 30. An ohmic 
electrode 50, and an aperture 50a for leading out light 
are formed on the rear of the semiconductor substrate 
10. The light emitting layer 22 is constituted as a 
multiple quantum well structure formed by laminating a 
plurality of well layers. 




(i9)B*H!tts=/T (J p) (i2)'ii"^^^p^^^$E (A) aomvfmm'Ammn 

#11^7-15033 



(43)^HH 7 ^(1995) 1 ^170 



(51) Int. CI. mmwm fi 

HOIL 33/00 A 7376-4M 



m^m^ m^m(D^2 ol (^6H) 



(2i)tas#^ 


4tlP¥5- 157592 


(71)tiiSA 


000231109 
















(22)tUSB 


sp^K 5 ^(1993) 6^280 














(72)^?a« 


SE# 5c 














3TB17#35^ 




















(72)%eg« 
















3T@17#35# 





























(54) ij^S^J^^Sa 



(57) [wm] fsst 

[«fiX] L E D 1 0 0 «, 1 0 CD^B^tf 

2 S:^t?ii^#<4:^jii^ 2 0 &o^"«fei^ 3 0 nm^Amm 5 

n, ^OiteigbJi[3 OOMPa53 0 alC::*— 5-;/i7«ffi4 





( 2 ) 



[0 0 0 1] 

■5. 
[0 0 0 2] 

^m^tC«. I/— tf • H (LD) C^mzM^^ 20 

'f:t-K (LED) 75^*-5. LED. 

B) {C*fLTSiltfj::^lR]{C3t*BiOm-rJli:*iT#SSf 

WM^^tMLEDtt. LDj:ot>. sa^idfceH-r'S 

[0 0 0 3] ^^5t5®®%3tMLEDtt, 0 9 (C^-Tct 5 
iC, I n P }i<D^mW^&WL l±\Z^y y YM 

n^yr—m) 2. %3t»3, i7yy\fm4. ziydf^ 30 

J»6 0g|ng|5 6 atCT«ffi7*tn>^i7 hJfStC::*-— 5 

«>i7g«jSUTiriS. — 

±iait@7. 8W«C«i£*Enj[)nLT«tig7*^e,8(C 

[0 0 0 4] 40 
[5!?g75^j8^LJ:^<kT^ftgB] ±E1tjl®L EDtc* 

f£3t®fiaift «Si t iTj: t3 T L- ^ 5 4: ■p ^^74^* o /t, 
[0 0 0 5] ei®figfa*effi05l^«. v^xHIS-^ii 50 




7- 1 5 0 3 3 

2 



Lfc^T'%^H®ia«;0«ii»-rs d i J; 0 . Mfc{ejt 
[0 0 0 6] SeoT. LEDS:3tamiCJt£;ffl-r-5«^. 

[0 0 0 7] *%Hj«, Jii5ras,^*^^-r^;t*tc^c 
«. miz^mmm<Dytj^izmmLTti-mr£m^ytmLE 

[0 0 0 8] 

[gftS<£«)*-rSAc*®^a] 

*#*^fg^^B{c*5tiT. ^pyiKh^mm^^mmzii 

mamz^m^tiT^f). ^©Daflt^tci&oxME^t- 

s.y^m.mtimfS.-^nr^^^j:o\zi.rc'b(Dx$>^o ^ 

&j:k^umm^m,(Dmm.t-^^^mzmif^nxu^^m 

[0 0 0 9] 

mamziisi.m-snr^^^tz!s(). umcy^^m^^w-mjim 

ti. 5!^Blc*3t.iT. — iZlCDfi^W®2I^HIE:^^^$fd:-r 
T*5 0. Dafl«ift®^ii (iSiS) Ti^s^L-e*^^ (0 

2RaC0 3#!l) . %3tB®B»*Sl«, 
3 1/52 = 1+ (L/W) 

;iCDittC*3ViTL/WT«Snfc7X'^!? M^->*!Otl 

&.T<Dm-^izit, mib^:r.y^>tr\zi:r)^mizmi$.^ 

mx$>^(Dx. ^coisHicit^ s 1 /s 2 (Dm±imt. 
L=W(^B#ic»e.n. ^o^o{gtt2 t^cs. ip-^. 

[0 0 10] vt^x. vtMoym-^tmc^^-^o^mm^ 
^^mmzmi-xh. 't<Dmmizm\^n^^^mu^ 




( 3 ) 



[0 0 11] IHIOtt©fg^gtC«^oT:t-5 'V 

[0 0 12] 

[USS^iJ] *^BJtc^^#S#:5!3tSfiO-^J€r. ^1 20 
75M0 8{C*L. ittg^f-S. HllCtt, 

*TJ;^{C, dWLEDlOOlJ. n-InP (t^T. 
»«S*^nSOB#H Tn-j i:|Sa>L, p^©B#tt fp 

-J tiaai-r-g., ) uii^^i>fji^^^i^m^i o<D^m 

1^2 0{C:t-5«;/i'gEMbT;^S«jfiSrLTI.i-5, — 30 

0C0»ffi{C«. ^(DS^l 0(C:^-5 

fp^izitymomi^mma^s o a^j^gittetiT^foo. 

¥9l#:^BJ|g2 0(tJ®%3tB2 2 (^2#«g) T¥ii±e, 
nfcJt«-^OMPgB5 0aJ;DLED10 OOnSU'viSc 

[0013] 02 1C«, LEDIOO ©taOJ^ttgR:^-;*^* 

ii[20«. i'^yHB (Xtt. z-^'yyr-m) 2 1, fg 

^« (SttJl) 2 2. i'5-;/K«2 3. :3>^i7h» 40 

0, ^mi^miRi o(Dmamwzm-Dxm-f?>nTf^^ 

d^e.^cD. 5£3t®2 2 <hi7 7>v h*ffl2 3 ta>:$'i7 he 
2 4\tp - I nGaAs PifSfd^^/j-S. 

[0 0 14] E3{c«, ±mi^ftwam^s^^tz:Bi-t^ 

fc, ^wfigpi i«. ^J^(S. %^»2 2lC*3tt^¥ffl 
2W®iE:;^jg©©tB (— ^^SimiiaT^bfc. ) ©tf^Jc© so 




mm^7-l 5 0 3 3 



^, mtz. ¥^«Ja«l 0{C:feliT(D|?!|0^^flaPl 

1.11 W©[EBit>¥^^^»M 2 0 <Dm^<D{}^U. < t 

3t)i2 2ic*ii.iT, ogpi i®-acDfi$ (w) hmo 

^odbgRl 1, 1 iWOffiSI (W) i:*iB&^b<fj:S<t 
[0 0 15] S4(Ctt, ^iftmz 2 7&tl£:*;bTS^$nT 

220, 221, 222, 223. 
2 2 4 36«|^ffie*:n'LT«B$nT;iS#a[ft^#F«l 

jS(C;5:oTli-5„ ^ne.^#F)12 2 0, t 
«. I nG aA s PO«-&tCtt^cr»jaj(f^?Jt3. 6Sa[ 

mytm2 2(Dmmm<i.mmmx'Sb^o ) ^ost^j^fc-r 

{iffl75iiliil^a<> l?!|^^#F«2 2 ot 
2 2 1. 2 2 1<i:2 2 2. 2 2 2t2 2 3. 2 2 3t2 
2 4. tc^o^iTfi. 5!-a-e>n;t#^©mi?-9fiflE®:*:^Vi 

■0*0. ^#FB2 2 0. -X^^i^nftm^, ffiSJC 

[0 0 16] EStCtt. ±fH«^^#F«ifi$:/^£-r%7t« 
2 2CDX^;P^-A*> KSTi^^sCMtCS^^nXVi-g). 11 

E „ t *^32S ic 0 jg ^ nfc^jfi <t fcC o T t i ^ , 
;^*5. |S|0lC*5ViT. EctteS^®x;^Ji^^-^'<;i/ 
E,«ffi«^^©X:?i;i/^-U'<;PS:^UTli 

[0 0 17] e4±©«jg®L EDCO^jfiyn-kXtc#Vi 
T01RO;0 2S:##(cLTittB^T*o ^fT. 
«1 0©^ffl(CW->?X h^^^L. iiSbfclHliaj^^^fC 

y5">i^-x'X;j7ibT. ECR -y-T i7 D h D 

Ri) X-:/5^-\'-(cJ:0it^##:*1Sl 0$X•>5^>^^t- 
S. X<yf^>ifVXi7$^5febfc^. MOCVD (WtS 
^Jgfk^^ffifiRfi) teCJ; 0 i7 7 KB 2 i . I63t)l 2 
2. i77«yH)12 3. n>^i' h)12 4S:|l«:;^xbf^:*^ 

[0 0 18] 3>^i7 hB2 4±lC*feiSkJi[3 0 

RtXttS4 0€rJKfiE-rS. «ffi4 0«, n>^i'h®2 

4±izmm^iirtz^mm mxit, Auzn/Ti/p 



( 4 ) 



Wm^7 - 1 5 0 3 3 



t/Au) ^7a-fitm<DXniZ^K>^-S.'y^^^m 

mm 1 0 (DmmizmBi o to l^m psp s o a &zfn -m 

[0 0 19] ifcic, Mwm:B!.zf'^^m^m-r. 

iZ. 3tS{OtHUfflMPg|55 0 aJC^ryjS^-yi'U^Tre 

0;J^J^fiX§nT;i£'5L ED 1 1 O^m^^Tzo ^fz, 
mX'\t. 0 9fC^titLEDlCi>(,iT, ^^JOttJLfflW 
□ g|58 atC^:/ U U >XSrJ^^LTfj:-5 fcOSr^ 10 

life. {Brn=bfe^ajfi«i. s/zm^T^ss. 

[0 0 2 0] /cC*. LED 1 1 0(C*5t,iT«. 0 3 IC^ 
Lfc?hScD:*:^$, Ip-^W^l/zm, ECRX-yg^-^' — 
ICJ:Si|i^#:S«l 0CDX-;/5">i7'*^i^l Mm. ^1^^ 
«ci5'Si^2 0<OP$$:0. 4 Mm, IHIdbJg4*aP^}-®:>c^ 
$<£lfigi^2 0 Mm, U U'>X6 OOtt^iJi 20 
gS: 13 0 ixmtLft. 

[0 0 2 1] 75:43. 1 0 ^^mi^i^mm 2 0 

w#B^p-«ffi4 0;5:f®MKtt±iB*M^JOt)O{c 

^^$n/j:t,i©ttt.iO^Tfe;^j:Vi. IP'S. InGaAs 
PI^OL EDfcK^T. A 1 G a I n P^-^A 1 G a A 

mm=2 o(Dm-sfjii£o)^m-tmzm^T^±mmmm(D 
mmzWi^-^nu\^^(Dm^omT'hu<^^, m^iftami 

1 (0^miE:f}m<D—m<D-B:-^ O . 5 ~ l O m mUS. 30 

[0 0 2 2] $e,(C^^c. %^)12 2;>i»i^#F«jt<!: 
B^T-fe-SL. #^)lc0^fc l«T'fc<kl.^U. 2BJi^±T 

[0 0 2 3] BI7»Ca^bfcJ:ot'. 1 

0 ©aWtC^^tfcJ^: 5 0 b(Cl/>X*7 0*i»I&8 OTH 
^LT;i5:Sl/>X#SLED 1 2 OJCfc:*:%BJSrjaffl-r 40 



[0 0 2 4] 

[%0j«?>!)*] ^^miz^^^^i^^^mmiz^na. 
-c$>^rzsb. ^ytmmzmx-^n^mm(Dmm-Am<u 

[HSofffl^/cCiJiBJ] 

[01] *5!?3{C^^iji«^%^S«S:jSffll.fcLED 

[02] -€■WLEDlCt5^tSlHla}g^;iaP^i■S:ll^:*:LTS 

[0 3] ^©LEDfC^Jlt-SdligBOBaMW-^J^^T^l 
SC5PH0T&-5, 
[04] ^OLED©%^eS:l£±bTS^t-«S»r®0 

[0 5 ] »^^#F«jt*;5:-r%3tecDX^JU4:-A'> K 

[06] *%B^lC'^-5iii»^5!^^g*jgfflL/ity U 
i7 I/>X^©L ED®«aj^SR-r^SCSffM0T&-5o 
[0 7] iti:%B«tC'»^*»^*:%^^a^3lfflL;tJStl/> 
X#S!OL E DO^J$^r«i^Wf®0T*-5. 

[0 8] a^<Dmm<nmo:>m^yn-rm^^mm-c$>^. 

[0 9] fi!5l5OLED®#SC»fH0Ta5-5. 

[|?^®ittg«] 

1 0 ^mi^&m 

1 1 OSR 

2 0 ^^{iU^BJR 

2 2 

40 p-«ffi 

1 0 0. 1 1 0, 1 2 0 LED (i^^ft^^^t^fi) 



[05] 



This Page is Inserted by IFW Indevino onw c 
Onerations ;„ f * " 'oaexing and Scanning 
operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

^ BLACK BORDERS 

^ IMAGE CUT OFF AT TOP. BOTTOM OR SIDES 
^ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

¥ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ UNES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S, OR EXHIBIT.S, SUBMITTED ARE POOR QUALITY 

Q OTHER: 

IMAGES ARE BEST AVAILABLE COPY 
the IFW I.age PrirMailbor" 



